The carbon mineralization dynamics of two Humic Cambisols, developed over granite, one under Pinus sylvestris L. (1740 m a.s.l.) and the other under Pinus pinaster Aiton (140 m a.s.l.), were determined in samples of 0±5 and 5±10 cm depth collected after high intensity wild®res. Burnt and unburnt soils were sampled ®ve times over 2 yr after the wild®res to determine changes in C concentration and in potential mineralization activity of the soil organic matter. Soil samples from the same forests unaected by the ®res were used as controls. In both soils the ®re resulted in a substantial decrease in the soil carbon concentration. Immediately after the ®re, the C mineralization was decreased in the surface layer; however, the percentage of total C mineralized increased in both layers. The evolution of these variables over time depended on the soil and on the layer considered. During the ®rst months after the burning the C mineralization presented values lower than those of the control in both layers of the soil located at higher altitude (M) and in the surface layer of the other soil (R), but values higher than those of the control in the subsurface layer of soil R. For the same period, the C mineralization coecient in the surface layer was similar to (M) or lower than (R) that of the corresponding control, whereas in the subsurface layer it was maintained above that of the control in both soils. Two years after the ®re, the total C concentration had been recovered in the surface layer of both soils whereas in the subsurface layers its value was still 15±19% lower than that of the same layer in the corresponding control. At the same time, the C mineralization and the percentage of the total C mineralized in the surface layer of the burnt soils were lower than those in the corresponding unburnt soils. In the subsurface layer, soil M exhibited values of these two mineralization indices higher than those of the control, whereas soil R presented values lower than those of the control from 1 yr after the ®re. The cumulative CO 2 -C evolved by the samples during each incubation ®ts two kinetic models: a simple and a double exponential ®rst order equation. In most cases the coecient of determination (R 2 ) was higher for the double exponential model. The ®re aected the kinetic parameters; the eect was ephemeral on the labile C pool, which increased its content (C 0 ) and its mineralization rate (k ), but more persistent on the recalcitrant fraction, which shows a long-term decrease of its instantaneous mineralization rate (h ). According to principal components analysis, the variability of the samples studied is mainly due to dierences on their organic matter quality and, in a smaller proportion, to dierences in organic matter concentration. The eect of ®re on these factors, which was more pronounced in the soil with the initially higher C concentration, persisted during the 2 yr study. #
Introduction
Soil organic matter mineralization aects soil fertility and is conditioned by many factors e.g. type of soil, humus-layer quality and moisture content (MerilaÈ and Ohtonen, 1997) , temperature (Wildung et al., 1975) , irradiation (Wen et al., 1997) , tillage and soil texture (Franzluebbers and Arshad, 1997) and pro®le depth (Rovira and Vallejo, 1997) . Due to its importance and complexity it is a widely studied process (Bekku et al., 1996; Pomazkina et al., 1996) .
Forest plantations of the world total approximately Soil Biology and Biochemistry 31 (1999) 1853±1865
0038-0717/99/$ -see front matter # 1999 Elsevier Science Ltd. All rights reserved. PII: S 0 0 3 8 -0 7 1 7 ( 9 9 ) 0 0 1 1 6 -9 www.elsevier.com/locate/soilbio 130 Â 10 6 ha with annual rates of establishment of about 10.5 Â 10 6 ha (Winjum and Schroeder, 1997) and play an important role in sequestering and storing carbon in terrestrial ecosystems (Sampson, 1995) . When natural ecosystems are altered, the organic matter turnover is modi®ed and can alter both productivity and community structure of ecosystems (Pastor and Post, 1986) , because of its in¯uence on the supply of nutrients to plants (Berg and Tamm, 1991) , on the composition of organic matter in the humus layer (Wardle, 1992) and on soil structure. In the last few decades, wild®re proliferation has become a widespread problem in Mediterranean European countries (Sanroque et al., 1985) , even aecting regions until now considered of low ®re risk, such as Galicia (DõÂ azFierros et al., 1982) . Wild®res not only destroy the soil organic matter and produces soil erosion (Chandler et al., 1983) but also results in the alteration of the mineralization dynamics of the organic matter that remains in the soil after the ®re (Bauhus et al., 1993; Prieto-FernaÂ ndez et al., 1993; FernaÂ ndez et al., 1997) .
Although this problem is very important, studies on this topic are scarce.
Taking into account the importance of the content and quality of the soil organic matter in the ecosystems, the C mineralization activity could be considered as a suitable indicator of the immediate eects of ®res on the soil and of the subsequent soil recovery rate. Therefore, our objective was to study the C mineralization in two Galician forest soils, which were strongly aected by wild®res (FernaÂ ndez et al., 1997) . The study was conducted for 2 yr after the burning because it is in this period when the secondary succession of the vegetation registers the most important increases in cover and biomass (Casal, 1985) .
Materials and methods
The soils selected for the study were two Humic Cambisols under pine forests with approximately 20 yr old trees, developed over granite, which had been aected by wild®res. Both soils (M and R) are located Table 1 Main properties of the 0±5 and 5±10 cm depth layers from the burnt soil M, located in Cabeza de Manzaneda (mean2S.E.M.; n = 3 replicates) and mean values of the corresponding unburnt soil for a 2 yr period (mean (S.D.); n = 5) Table 2 Main properties of the 0±5 and 5±10 cm depth layers from the burnt soil R, located in Caldas de Reis (mean2S.E.M.; n = 3 replicates) and mean values of the corresponding unburnt soil for a two year period (mean (S.D.); n = 5) (Tables 1 and 2 ). In both cases, part of the forest in the same topographic position was not burnt, which allowed the use of the unburnt soils as controls. Less than 100 m separate the burnt soil plots from their controls. Both the burnt and the unburnt plots belong to the same edaphic formation, with no dierence in their geomorphology (GuitiaÂ n Ojea and GuitiaÂ n Ojea et al., 1986) .
Both wild®res were high intensity accidental ®res (Chandler et al., 1983 ) of late summer; in both cases the undergrowth and the litter disappeared, the trees died, the burnt soils presented a white ashes cover and the mean depth of the soil penetrated by the ®re was about 5 cm.
To better follow the changes of the potential C mineralization after the ®re, the intervals between successive soil samplings were short at the beginning of the experiment because it was possible that for some soil characteristics the changes happen quickly after burning. During the 2 yr of the experiment, ®ve samplings were performed for each soil. Soil M was collected 1 d and 1, 8, 12 and 24 months (samplings 1, 2, 3, 4 and 5, respectively) after the ®re. Soil R was collected 1, 4, 7, 12 and 24 months (samplings 1, 2, 3, 4 and 5, respectively) after the ®re. The control soils were sampled at the same intervals.
In the burnt areas, a plot of 10 Â 10 m was established and protected with a metallic fence during the 2 yr of the experiment to avoid external interference. After the removal from the surface of the dry pine needles fallen from the dead trees after the burning, soil samples were collected every time from the A horizon at 0±5 and 5±10 cm depth all along a new continuous pro®le 10 m in length inside the plot, gathering more than 10 kg of each burnt sample. Soil samples from the unburnt soils (M and R) were collected at the same sampling intervals and at the same depth as in the corresponding burnt soils, taking a great number of samples at random. All samples were sieved and the fraction less than 4 mm was homogenized. Fresh samples were used for the study of potential C mineralization. Air dried samples were employed for the determination of organic C and the other soil characteristics. The results were adjusted to oven-dry basis.
The methods described by GuitiaÂ n Ojea and Carballas (1976) were used to determine the following soil properties: ®eld capacity (at 10 kPa in a Richard's membrane-plate extractor); pH in 1N KCl (1:2.5); extractable Fe and Al oxides (by extraction with a mixture of hydrosulphite and Tamm's reagent). C concentration was determined by combustion and measurement of the CO 2 in a Carmhograph 12 with the primary oven at 9008C and the secondary oven at 4008C. Total N concentration was determined by Kjeldahl digestion using the method of Bremner (1965) . The results are the average of three replicate determinations using dierent subsamples of the same material.
Fresh samples, or samples stored at 48C for less than 1 week, were used for the determination of C mineralization kinetics by aerobic incubation of soil samples. The incubation method was that of Guckert et al. (1968) modi®ed by ChoneÂ et al. (1974) , who used an intermittent air¯ow for aeration. Five replicates of 50 g soil from each sample were placed in 500 ml Erlenmeyer¯asks and maintained at 288C and 75% of ®eld capacity for 11 week. The atmosphere of thē asks was renewed periodically with humidi®ed and CO 2 -free air and the CO 2 evolved was trapped by bubbling for 2 h in 40 ml of 2 N NaOH. From 5 ml NaOH solution, the Na 2 CO 3 formed was precipitated by 20% BaCl 2 solution and then the remaining NaOH was measured by titration against 0.2 N HCl using a Metrohm 682 titrator. The CO 2 -C was then quanti®ed by subtraction, using two empty¯asks incubated under the same conditions as the control (GonzaÂ lez- Prieto et al., 1991; FernaÂ ndez et al., 1997) . The potential C mineralization, expressed as g of CO 2 -C evolved kg À1 of dry soil and the percentage of the total C that was mineralized (C mineralization coecient) were calculated.
The cumulative curves of CO 2 -C released over time (means of ®ve replicates) were ®tted to the simple ®rst-order kinetic model (C t C 0 1 À e Àkt proposed by Stanford and Smith (1972) and the double exponential model (C t C 0 1 À e Àkt TC À C 0 1 À e Àht proposed by AndreÂ n and Paustian (1987) , to quantify the kinetics of C released from soils M and R. These two models are based on divergent hypotheses. The ®rst model considers a unique C pool with a unique mineralization rate, whereas for the second one there are two C pools of dierent lability and therefore with dierent instantaneous mineralization rates. In the simple exponential model, C t is the cumulative C released after time t (day), C 0 is the potentially mineralizable C and k (d À1 ) is the instantaneous release rate. In the double exponential model, C t is the cumulative C released after time t (day), C 0 is the potentially mineralizable C in a labile pool with an instantaneous mineralization rate k (d À1 ), TC is the total amount of C present in the soil sample (g kg À1 ) and (TCÀC 0 ) is the amount of C in a recalcitrant pool with an instantaneous mineralization rate h (d À1 ). The non-linear parameter estimation procedures in SPSS.5.0.1 for Windows were used to ®t the experimental data to the model. To avoid errors in the parameter estimation the convergence criteria indicated by Updegra et al. (1995) were used.
The C mineralization data of each incubation were studied using a two-way Anova test, where the factors considered were ®re (burnt/unburnt) and location of the layer in the pro®le (surface/subsurface), to follow the kinetic variations during the incubation as well as to know if there was a signi®cant interaction between both factors. The computer program SPSS 5.0.1 was used. The least signi®cant dierence (LSD) test (Tukey, 1953) at the 95% probability level was applied to the results. To simplify the interpretation of the results a principal components analysis with varimax rotation, using the computer program SPSS 5.0.1, was utilized, with the purpose of showing the relationships between variables and to identify the possible soil factors controlling the recovery of the carbon mineralization activity in the burnt soils.
Results and discussion

Carbon concentration and C/N ratio
The ®re produced a signi®cant initial decrease of soil C concentration (Tables 1 and 2 ; Fig. 1 ). This was particularly observed immediately after the burning in soil M, with losses of 53 and 54% of the organic C in the surface and the subsurface layers, respectively. The change in the C concentration over the study period diered between the two soils. In the surface layer, soil R recovered the C concentration very quickly; 4 month after the ®re the C concentration in the burnt soil was higher than that of the unburnt soil (Fig.1) . In the same layer of soil M the recovery occurred much later, probably due to the winter freezing that aected this soil, located at high altitude. Two years after the burning, when the recovery of the vegetation cover had already started, C concentrations in the surface layer of both soils were similar to those of the corresponding control soils, with dierences lower than 1%. In the subsurface layer, the recovery of C concentration was slower than in the surface layer and at the end of the study the C concentration in the subsurface layers of soils M and R was still 15 and 19% lower, respectively, than in the corresponding controls. The increases in C concentration during the ®rst year after the ®re can only be attributed to unburnt remains from dead roots which disintegrate and slowly incorporate into the soil, as revegetation during this period was very scarce in both soils. According to , subterranean plant organs, located near the soil Table 3 Cumulative C mineralization and C mineralization coecient for 11 week incubation of the 0±5 and 5±10 cm depth layers from each of ®ve samplings of the burnt soils M and R (mean2 SEM; n = 5) surface and killed by the ®re, are very important for the recovery of soil organic matter. Both soils showed an initial decrease in the C/N ratio as a consequence of the ®re (Tables 1 and 2; Fig. 2); this eect was observed in both layers, although it was more pronounced in the surface layer. C/N ratios were already recovering during the ®rst months after the wild®re, but they were always lower in the burnt soils than in the corresponding controls over the 2 yr, except for the burnt subsurface layer of soil M, where C/N ratios were higher than those of the control since 1 yr after the ®re, coinciding with the increase in the C concentration. The high values of the C/N ratio in the subsurface layer of the burnt soil M suggest the incorporation of poorly humi®ed organic matter into this layer and con®rm the importance of the dead roots in the increase of C concentration after the ®re.
. C mineralization activity
In spite of their dierent altitudes and C concentrations, both unburnt soils M and R had similar C mineralization coecients. The mean values of the C mineralization coecient in the surface and the subsurface layers of these unburnt soils were, respectively, 2.76 and 1.98% of the total C in soil M and 3.16 and 2.22% of the total C in soil R. These values indicate a low potential mineralization activity, as also reported by Carballas et al. (1979) , Beloso et al. (1993) and FernaÂ ndez et al. (1997) for undisturbed soils of the same zone. Table 3 shows the cumulative amount of C mineralized and the C mineralization coecient for the surface and the subsurface layers of the burnt M and R soils. The high C mineralization activity found in the ®fth sampling of the burnt soil R (4.17 and 3.40% of the total C in the surface and the subsurface layers, respectively) coincided with the high values in the corresponding unburnt soil R (5.15 and 3.92% of the total C in the surface and the subsurface layers, respectively); therefore, it must be mainly attributed to favourable climatic conditions, such as a high temperature and an adequate moisture content. The burning aected both activity indices. Immediately after the ®re (soil M) the C mineralization was decreased only in the surface layer (Fig. 3a) . Afterwards, in the surface layers of both soils the C mineralization was also lower in the burnt area than in the unburnt area for almost the whole study period. In the subsurface layer Table 4 Kinetic parameters for C mineralization models based on double ®rst order exponential equation: C t C 0 1 À e Àkt TC À C 0 1 À e Àht , for cumulative C mineralization in the 0±5 and 5±10 cm depth layers of the burnt soils M and R (estimated values2asymptotic standard error) and dierences (D) between the kinetic parameters of the burnt and the corresponding unburnt soil samples a Soil Depth (cm) Sample Time after ®re C 0 (g kg the C mineralization developed dierently over time in the two soils. In soil M the C mineralization decreased in this layer during yr 1 after the ®re and recovered 2 yr after the burning (Fig. 3a) , whereas the C mineralization in soil R increased throughout the ®rst months and presented values lower than those of the control since 1 yr after the ®re (Fig. 3c) . This dierent behaviour was in agreement with the dierent input patterns of organic matter showed by both burnt soils, these inputs being earlier for soil R located at lower altitude and not aected by the winter freezing.
Despite the considerable increase observed immediately after burning, the C mineralization coecient decreased abruptly 1 month after the ®re in both layers of soil M (Fig. 3b) . One month after the ®re, the C mineralization coecient in the surface layer of both soils was lower than that of the corresponding unburnt soil, this behaviour being maintained during the 2 yr in soil R, whereas in soil M the values were similar to those of the control from 8 months after the ®re ( Fig.  3b and d) . In this layer, which was the most aected by the ®re, when the initial increase in C mineralization coecient disappeared, the organic matter became more resistant to biodegradation. A decrease in C mineralization coecient 2 yr after a wild®re was also found by Almendros et al. (1984) who attributed it to an increase in the humus stability, due to a relative decrease of the most easily biodegradable constituents. In the subsurface layers the C mineralization coecients were maintained above those of the corresponding controls for several months in soil R (Fig.  3d) and throughout all the experiment in soil M (Fig.  3b) . The burning also caused slightly higher values of the C mineralization coecient in the subsurface layer than in the surface layer at the ®rst samplings after the burning. The opposite was true for the unburnt soils, the values of the C mineralization coecient for the subsurface layer of the control soils being always approximately 30% lower than those in the corresponding surface layers.
The two-way Anova applied separately to each sampling of both soils performed during the 2 yr study, considering the ®ve replicates of the C mineralization coecient of each sample, indicated a signi®-cant interaction between both factors, ®re and sampling depth, in all cases except for the ®fth sampling of soil R, carried out 2 yr after the ®re, where this interaction was not signi®cant. This test also showed that the dierences observed between the burnt and the corresponding unburnt samples were always statistically signi®cant, except for the surface layer of soil M from 8 months after the ®re and for both layers of soil R 2 yr after the ®re (Fig. 3b and d) .
C mineralization kinetics
The cumulative values of C mineralization for soils M and R during incubation ®tted the ®rst-order equation of the simple exponential model and that of the double exponential model (Table 4 ; Fig. 4) . In all cases the determination coecients (R 2 ) were slightly higher for the double exponential model except for the ®fth sampling of soil R, the samples of which exhibited much higher mineralization activity. In this case the standard asymptotic error for the dierent parameters was very high and the mineralization kinetic ®tted the simple exponential model better.
According to the kinetic parameters estimated for the double exponential model, the labile C pool (C 0 ) increased immediately after the ®re (Table 4 , soil M 1d after the ®re) and the increase was greater in the surface layer than in the subsurface layer (from 0.67 to 1.06 g C 0 kg À1 soil and from 0.34 to 0.47 g C 0 kg À1 soil, respectively). The instantaneous mineralization rate of the labile fraction (k ), as well as that of the most recalcitrant pool of the organic matter (h ), also increased considerably in both layers immediately after the burning, this increase being higher in the surface layer for the former and higher in the subsurface layer for the latter. This agrees with the mineralization kinetics of both layers (Fig. 4: M burnt 1) . The greater increase in the parameters C 0 and k for the surface layer 1 d after the ®re resulted from the higher activity of this layer during the 2 ®rst weeks of the incubation whereas the greater increase in the kinetic parameter h for the subsurface layer resulted from the higher coecient of mineralization for this layer at the last phase of the incubation, showing a total C mineralization higher than that of the surface layer (Table 3) . Although a general trend was observed in the C mineralization dynamics following the ®re, it was not quite consistent for the two soils. In both layers of the burnt soil M, the labile organic matter content decreased with time, reaching the lowest values 8 months after the ®re, with C 0 values lower than those of the corresponding unburnt soils; from here to the end of the experiment a tendency of recovery was observed for C 0 (Table 4) . The mineralization rate of the labile C (k ), which had increased considerably immediately after the ®re in soil M, decreased throughout the ®rst 12 months, exhibiting, 2 yr after the ®re, values similar to those of the unburnt soils. The instantaneous mineralization rate of the resistant fraction (h ) was also modi®ed by the ®re, particularly in the subsurface layer where this parameter, which had increased strongly immediately after the ®re, decreased during the ®rst 8 months and was almost constant afterwards with values slightly higher than those of the unburnt soil.
Soil R exhibited increased C mineralization in both layers during the ®rst stages of the incubation of samples collected 1 month after the ®re, as shown by the high slopes of the cumulative curves for the burnt soil during the ®rst 2 weeks of the incubation (Fig. 4 : R burnt 1). This increase progressively disappeared, so that the slopes of the cumulative curves diminished and, after these ®rst weeks of incubation, they became lower than those presented by the cumulative curves of the unburnt soil.
The high initial activity of the subsurface layer of soil R, which was mainly observed in the ®rst two samplings (1 month and 4 months) after the ®re, coincided with the higher cumulative C mineralization and C mineralization coecient exhibited by this layer at the end of the incubation, compared with both its control and the surface layer of the burnt soil itself (Table 3) . High initial activity in the subsurface layer could be due to its enrichment with soluble com-pounds leached from the surface layer as a consequence of the heavy rain that took place between the ®re and the ®rst sampling. This is in agreement with the amount of water-soluble C compounds of the subsurface layer of the burnt soil R before incubation (0.64 g C kg À1 soil), which was twice that of the surface layer of the same soil (0.33 g C kg À1 soil) 1 month after the ®re (I. FernaÂ ndez, unpublished PhD thesis, University of Santiago de Compostela, 1997). In later samplings, when this enrichment disappeared, the C mineralization of the subsurface layer was lower than that of the surface layer and the C mineralization kinetics of both layers of the burnt soil were similar to those of the corresponding unburnt soil (Fig. 4) .
In both layers of the burnt soil R the values of C 0 for the ®rst three samplings after the ®re were higher than those exhibited by the corresponding samples of the unburnt soil (Table 4) ; however, this eect disappeared 1 yr after the ®re and 2 yr after the burning the values of C 0 were lower than those exhibited by the unburnt soil. During the whole period studied, the instantaneous mineralization rate of the labile pool (k ) was not consistently modi®ed compared with that of the unburnt soil. The mineralization rate of the recalcitrant pool (h ), which had decreased 1 month after the ®re in soil R, was generally lower than that in the unburnt soil during the study, this eect being greater in the surface layer. The dierent behaviour of the C mineralization dynamics of both soils after burning was also shown when the coecients of correlation between the C mineralization at the end of the incubation and the kinetic parameter C 0 for soils M and R were compared. In the burnt samples of soil M, a signi®cant positive correlation between these variables was observed (r = 0.965, P=0.000), whereas this was not true for the burnt samples of soil R. The relative importance of the labile and resistant fractions on the total C mineralization diered for each soil; the total C mineralization of the burnt soil M was mainly determined by the mineralization of the labile fraction, whose instantaneous mineralization rate (k ) increased after the burning, whereas no fraction determines by itself the total C mineralization of the burnt soil R.
The increased C mineralization coecient after the ®re (Fig. 3) , could be attributed to the addition of labile organic substances to the burnt soil, in agreement with the predicted increase in C 0 immediately after the ®re. This labile organic matter, accessible to microorganisms and not easily renewed, is quickly metabolized and hence the increase in microbial activity disappears rapidly. The origin of the labile organic compounds could be the transformation of more recalcitrant ones. Almendros et al. (1988) found an increase in lipids of shorter chain (<C 20 ) after heating the soil at 2108C. The increased C mineralization coef®cient could be also related to the modi®cation of the soil conditions that had favoured the microbiota development, such as an increase in soil pH after the ®re or the addition of ashes to the soil which produces an Fig. 6 . Sample distribution based on PCA factor scores in the three-dimensional space de®ned by the three ®rst components explaining 75.4% of the variance. The factor axes represent summaries of the variables on the component I, II and III axis, respectively and the sample distribution in this three-dimensional space shows sample grouping with respect to the variables in the PCA model (1, 2, 3, 4, 5: sampling number).
ephemeral increase in nutrient availability (Marion et al., 1991; Prieto-FernaÂ ndez et al., 1993; Fritze et al., 1994) . In agreement with this, in both burnt soils studied M and R signi®cant coecients of correlation between the pH in KCl and the instantaneous mineralization rates of both labile and resistant fractions (r = 0.615, P = 0.002 for k; r = 0.531, P = 0.023 for h ) and between the percentage of base saturation BS and the potentially mineralizable C in the labile pool C 0 (r = 0.724, P = 0.000) were found. The increased mineralization coecient after the ®re was also in accordance with the microbial proliferation observed by VaÂ zquez et al. (1993) for the same soils. Van Veen et al. (1989) found that microbial proliferation depends not only on the availability of the organic substrate but also on the amount of nutrients in the soil.
Principal components analysis
In order to obtain a more integrated understanding of the factors most directly related to the behaviour of the dierent samples studied, a principal components analysis (PCA) was used to examine the data.
Eigenvalues for the PCA, carried out with the ®ve samplings of both burnt soils as well as the ®rst sampling of the unburnt soils and 13 selected variables (pH KCl, C, N, C/N, CEC, BS, Fe 2 O 3 , Al 2 O 3 , C min., C min.Coef., C 0 , k and h ) indicated that the three ®rst components accounted for 75% of total variance (Fig.  5) . Component I, mainly related to the organic matter quality, explained more than 45% of the total variance. The most heavily weighted variables of this component were soluble Fe and Al oxides, at its positive extreme, and the C/N ratio and the kinetic parameter h, at the negative extreme. This indicates that a high concentration of altered compounds is related to the more humi®ed and more stabilized organic matter, showed by the lower C/N ratio and the slower instantaneous mineralization rate of the recalcitrant fraction of the organic matter. The most heavily weighted variables of component II were those most related to the organic matter concentration, whereas practically only the variables related to the C mineralization activity were associated with component III. Therefore, this analysis shows that the main factor controlling the C mineralization of the burnt soils was the stability of the organic matter, due to high concentrations of Al oxides in these soils (FernaÂ ndez et al., 1997) .
Both unburnt soils are located in the same quadrant, quite close each other (Fig. 6) , particularly the subsurface samples, since the surface samples are slightly separated due to their dierent total C concentration. The weighting of the variables separated the burnt and the unburnt samples as well as the burnt samples from soils M and R. The burnt samples of soil M were placed in a well-de®ned zone of the three-dimensional space and their distribution along factor I separated the surface and the subsurface samples of this soil due to dierences in their organic matter quality, whereas factor II clearly separated all the burnt samples from the unburnt soil due to the decrease in organic matter induced by the burning. Burnt samples of soil R were also clearly grouped, when excluding those from ®fth sampling that were separated from the other samplings along factor III due to their high mineralization activity. In soil R the separation between the burnt and the unburnt samples was observed along factor I and there was no visible dierentiation between the surface and the subsurface samples of the burnt soil. The main change due to the ®re observed in soil M was a pronounced decrease in organic matter concentration, whereas the burning resulted in a stabilization of the organic matter and an increase in soluble Fe and Al oxides in soil R. The greater separation observed between the burnt and the unburnt samples of soil M suggests that the eect of the ®re was greater on soil M than on soil R, which would indicate a greater intensity wild®re. The close location of the burnt samples from each soil suggests the persistence of the burning eects during the 2 yr study.
Conclusions
Besides the initial eect of ®re, a decrease of the C mineralization and an increase of the C mineralization coecient, the mineralization activity indices were altered for at least 2 yr after the ®re in both soil layers studied. The total C mineralization of the burnt soil M was mainly determined by the mineralization of the labile fraction of its organic matter, whereas no fraction determines by itself the total C mineralization of the burnt soil R. Although the evolution of the C mineralization diered in soils M and R, two important eects were observed: an initial increase of the organic matter lability (increases of C 0 and k ), which was ephemeral, and a subsequent and more persistent increase of the organic matter stabilization. The instantaneous mineralization rate of the more recalcitrant organic matter (h ) showed that the surface layer of the burnt soils was not still recovered 2 yr after the ®re, when the revegetation had already started and the C concentration was almost recovered, suggesting the presence of soil organic matter of dierent quality. In the subsurface layer neither the C concentration nor the kinetic parameter h had totally recovered 2 yr after the ®re.
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